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METHOD OF MAKING ABSORBENT SHEET ing compounds according to the '076 patent, include diester 

FROM RECYCLE FURNISH di(oleyl)dimethyl ammonium chloride (DEDODMAC) 

derived from canola oil and/or high oleic safflower oil. It is 
This application claims the benefit of U.S. Provisional note d in the '076 patent that complex quaternary ammonium 
Application Ser. No. 60/113356, filed Dec. 21, 1998 and 5 compounds are sometimes used with nonionic surfactants 
U.S. Provisional Patent Application Ser. No. 60/143,253, such ^ eth lene oxide ^ pr0 p yIene oxide reacted with an 
filed Jul 9 1999 

' L:77:7 ' alcohol in order to overcome any decrease in absorbency 

TECHNICAL FIELD caused by the use of cationic debonding compounds. See 

Column 2, lines 6 through line 18. It is noted in the '076 

The present invention relates generally to a method of 10 P 8 ^ ^ claimed P rocess ^ be used connection 
making an absorbent sheet from recycled fiber, and more wth rec y cle d fiber (column 4, lines 54-55) and that optional 
particularly in preferred embodiments to improvements to ingredients such as polyhydroxy compounds and nonionic 
such processes incorporating a debonder composition surfactants (alkoxylated materials) may be added so long as 
including both a quaternary ammonium salt and a nonionic 15 softening is not adversely affected (See column 11, line 23 
surfactant. and following, as well as column 13 line 6 and following 

The nonionic surfactants of the '076 patent are characterized 
BACKGROUND by a hydrophilic-lipopliilic balance ("HLB") of from about 

7 to about 20. See column 11, lines 53-63. 
Debonder compositions and surfactants are widely used in 20 U.S. Pat. No. 5,730,839 to Wendt et al. discloses a method 
the paper mdustry For example, such compositions are used of majdn tissue ducts ^ h ^ mdet dosed 
m connector l with recycle fiber. There is disclosed m U.S. ket conditiom fc connection with ^ process , debond . 

Pat No. 5,582,681 to Back et al. a method of making a . A u- u • 1 I 1 - -a 

„ a * r ' ■ 1 • i- ers/softening agents are used which mclude several imida- 

sanitary paper product from newspaper involving pulping r . , ™ . . 

the newspaper in water with agitation to produce a pulp 25 ZOhmUm compounds The amdazounium qua- 

slurry at a consistency between 3 and 12% and a pH below temary com P ounds can be add ^ to the tissue making 

about 8.0; adding to the slurry an enzyme selected from the P rocess at P oint P rior t0 *** blade but m 

group consisting of cellulase, hemiceUulase, and Hpase and Preferably added at the wet end and most preferably added 

main tainin g the pulp slurry at a temperature above about t0 ^ stock P rior 10 ^ web fonnation where the 

100° F. for at least 15 minutes; and using the enzyme treated 30 consistency of the aqueous paper making fiber suspension is 

pulp as a major source of fiber in the paper making to about 2% or greater. In addition to the irnidazolinium 

produce the sanitary napkin product. As reported in the '681 quaternary compounds, nonionic surfactants may also be 

patent, there is a synergistic relationship between the com- added to the tissue at the wet end of tissue making process 

bination of surfactant and an enzyme. Nonionic surfactants to further enhance the softness of the final product, 

are preferred for addition with the enzyme; however, in 35 Examples of useful classes of nonionic surfactants include 

some cases a cationic surfactant can be used, such as an alkylphenol ethoxylates, aliphatic alcohol ethoxylates, fatty 

imidazole compound or quaternary ammonium compounds. acid alkoxylates, fatty alcohol alkoxylates, block copoly- 

See column 1 10, lines 7-40. mers of ethylene oxide and propylene oxide, condensation 

TTiere is disclosed in U.S. Pat. No. 5,622,597 to Callen et of eth lene oxMe ^ ^ ^ resultin ^ 

al. a process for deinkmg recycled paper using a pressurized 40 ^ reaction of propy iene oxide and emylenediamine and 

deinkmg module to separate ink from paper pulp stock. The , . . : e . . , . . . , 

addition of salts of irnidazolinium baLd compounds with pnrfucts of propylene oxide wiuh the product 

alkyl, alkenyl and amidoethyl side chains to the pulp slurry of ^ re f ^ on ^ ylen t°^ de "* eth y lenediamiIie ' See 

at the beginning of the pressurized deinking module cycle column 3 ' ^ 11 throu S h 46 ' 

removes ink more effectively. Surfactants are used in the 45 u - s - Pat - No - 5,753,079 to Jenny et al. reports enhanced 

deinking process, for example, an ethylene oxide/propylene P 3 ^ 1 debonding and softening by producing paper from an 

oxide nonionic surfactant (compare Example A), as well as aqueous suspension of fibers which contains one or more 

inoio^zolinium methylsulfate (Example 1), see column 4. cationic agents and one or more ethylene oxide/propylene 

Debonder compositions are often added at the wet end of polymer surfactants, 

a process for making tissue paper as disclosed in U.S. Pat. 50 U.S. Pat. No. 4,447,294 to Osborn, III discloses a process 

No. 4,441,962 to Osborn, III and U.S. Pat. No. 4,351,699 fo f making soft absorbent tissue paper webs and the webs 

also to Osborn, EI. There is disclosed in these patents a produced by the process. In the first step the furnish of 

method of making tissue paper webs including the steps of papermaking fibers and a wet strength resin is provided. A 

forming an aqueous paper making furnish from paper pulp, yjjerSffibrpus web is made from the furnish and the wet web 

and adding at least one specified quaternary ammonium 55 is dried after which the wet strength resin in the web is at 

compound and at least one specified nonionic surfactant. least partially cured and the nitrogenous cationic debonding 

The quaternary ammonium compounds are trimethylalkyle- agent is then incorporated into the dried web. 

nyl, methylpolyoxy-ethylene alkyl and methylpolyoxyeth- U.S. Pat No. 5,279,767 to Phan et al. discloses a chemical 

ylene alkylenyl quaternary ammonium compounds. The softening composition useful in fibrous cellulosic materials, 

nonionic surfactants are ethylene oxide adducts of fatty 60 There is provided in accordance with the '767 patent, 

alcohols and fatty acids. chemical softening compositions including a mixture of 

There is disclosed in U.S. Pat. No. 5,698,076 to Phan et quaternary ammonium compound and polyhydroxy com- 

al. a method of making absorbent paper products such as pounds. Preferred quaternary ammonium compounds 

paper towels, facial tissues and toilet tissue by way of the include aialkyldimethylammonium salts such as di(hydro- 

incorporation of a vegetable oil based quaternary ammo- 65 genated) tallow dimethylammonium chloride and di(hydro- 

nium chemical softening compound. Examples of preferred genated) tallow dimethylammonium methylsulfate. Pre- 

vegetable oil based quaternary ammonium chemical soften- ferred polyhydroxy compounds are selected from the group 
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consisting of glycerol and polyethylene glycols and polypro- In another aspect of the present invention, there is pro- 
pylene glycols having a weight average Jjjfav molecular , vided a process for making an absorbent sheet material from 
weight from about 200 to 4000. The chemical softening a web of fibrous material consisting predominately of eel- 
compositions are prepared by first mixing the polyhydroxy lulosic recycle material which involves treating the fibrous 
compound into the quaternary ammonium compound at a 5 material with a debonding composition which includes a 
specific temperature range wherein the polyhydroxy com- synergistic combination of: 

pound is miscible with the quaternary ammonium com- n ™a 

. . 7 * j. j (a) a quaternary ammonium surfactant component; ana 
pound and then diluting the mixture at an elevated tempera- ^ ■ ■ ^ * ♦ ♦ u • »v 
cure to form an aqueous vesicle dispersion suitable for »> a nomomc surfacCant c °^onent wherein the deb- 
treating fibrous cellulosic material. The chemical softening 10 ondmg composiUon is operable to reduce the tensrie 
compositions disclosed in the '767 patent are primarily of said sheet b * * least about 40 Percent The 
intended for softening disposable paper products such as fibrous material is generally or predominately at least 
tissues and towels. See, for example, U.S. Pat. No. 5,240, & QUl 50 percent by weight cellulosic recycle fiber. 
562 of Phan et al. Typically, the fibrous material is at least about 75 

15 percent by weight of cellulosic recycle material and, 

SUMMARY OF INVENTION preferably, the fibrous material is 100 percent by weight 

of cellulosic recycle material. 

It has been found in accordance with the present invention In yet another aspect of the present invention, there is 
that certain combinations of nonionic surfactants and qua- provided a method of forming an absorbent paper product by 
ternary ammonium surfactants exhibit synergy when used as 20 way of: (a) preparing a recycle furnish comprising predomi- 
debonders, particularly in connection with products made nantly recycle fibers in an aqueous stream; (b) adding a 
from recycle furnish. There is provided in a first aspect of the debonder composition to the furnish, the debonding com- 
invention an improved process for making an absorbent position including a quaternary ammonium and surfactant 
sheet material from a web of fibrous material consisting component and a nonionic surfactant component; (c) sup- 
predominately of cellulosic recycle fiber which includes 25 plying the aqueous stream to a headbox; (d) applying the 
treating the fibrous material with a debonding composition furnish to a forming wire and forming a nascent web; and, 
which contains a synergistic combination of: (a) a quater- ( e ) drying the web to form the absorbent paper product, 
nary ammonium surfactant component; and (b) a nonionic wherein the debonding composition is operable to reduce the 
surfactant component wherein the debonding composition is tensile strength of the absorbent paper product by at least 
operable to reduce the tensile strength of the sheet by at least 30 about 25 percent by employing the debonder composition at 
about 25 percent by application to the fibrous material at a a level of 1 mole of the quaternary ammonium surfactant 
treatment level of 1 mole of said quaternary ammonium component per ton of the absorbent paper product. The 
surfactant component per ton of fibrous material. More nonionic surfactant component may be a polyalkoxy ester, 
particularly, the debonding composition is operable to such as a polyethylene glycol ester of a fatty acid selected 
reduce the tensile strength of said sheet by at least about 40 35 from the group consisting of: lauric acid, palmitic acid, oleic 
percent by application to the fibrous material at a treatment acid, stearic acid, myristic acid, arachidic acid, lignoceric 
level of 3 moles of the quaternary ammonium surfactant acid, palmitoleic acid, linoleic acid, arachidonic acid and 
component per ton of fibrous material. mixtures thereof. Most preferably, the fatty acid employed is 

Generally, treatment involves application of from about 1 lauric acid, 

to about 16 pounds of the debonding composition per ton of The quaternary ammonium component may include a 

absorbent sheet material produced. More typically, within quaternary ammonium species selected from the group 

the range of from about 3 to about 8 pounds of the debonding consisting of: an al3^1(enyl)anndoemyl-alkyl(enyl)irmdazo- 

composition are employed per ton of absorbent sheet mate- linium, m'alkyldimethylammoniuni, or bis-alkylamidoethyl- 

rial, with from about 4 to about 6 pounds of the debonding memymydroxyethyl-ammonium salt; wherein the alkyl 

composition perhaps being most typical and preferred. groups are saturated, unsaturated, or mixtures thereof, and 

The nonionic surfactant component is generally present in the hydrocarbon chains have lengths of from ten to twenty- 
said debonding composition in an amount of from about 25 two carbon atoms. 

to about 60 weight percent based on the combined weights m some applications, the inventive process includes the 

of the nonionic surfactant component and the quaternary 5Q step of creping the absorbent paper product, 

ammonium surfactant component, with from about 30 to m stm mother ^pect of the present invention, there is 

about 50 weight percent based on the combined weights of provided in a process for making an absorbent sheet material 

the nomomc surfactant component and the quaternary from a web of fibrous material consisting predominately of 

ammonium surfactant component being more typical. cellulosic recycle fiber, the improvemeniwhich involves 

The recycle fiber may have an ash content greater than 55 treating the fibrous material . with a debonoing composition 

about 0.75 percent by weight; greater than about 1 percent which includes a synergistic combination of: (a) r a quater- 

by weight; greater than about 2 percent by weight; or greater nar y ammonium surfactant component comprising a surfac- 

than 4 percent by weight. tant compound selected from the group consisting of a 

The quaternary ammonium surfactant component most diaDcyldimethylammomum salts of the formula: 
preferably includes an imidazolinium salt; whereas the non- 60 
ionic surfactant component preferably includes a surfactant 

selected from the group consisting of alkoxylated fatty acids * 

and alkoxylated fatty alcohols. Most typically, the nonionic H c _lj! J R 

surfactant component is an ethoxylated fatty acid, such as a 3 | 

polyethylene glycol ester of a fatty acid and the quaternary 65 CH 3 
ammonium surfactant component includes an imidazo- 
linium salt. 
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a bis-dialkylamidoammonium salt of the formula: Most typically, a wet-strength-adjusting agent is added in 

an amount of from about 4 lbs/ton to about 30 lbs/ton. The 
drying step may include through-air drying. 
ch 2 — CH 2 oh The process of the invention may be advantageously 

RCONHCH 2 CH 2 — N— CH 2 CH 2 NHCOR 5 P racticed wherein the tissue product is a single-ply tissue 

| product. 



CH- 



^3 



BRIEF DESCRIPTION OF THE DRAWINGS 



a dialkylmemylimidazoliriium salt of the formula: 10 ^ invention is described below in connection with the 

various figures in which: 



FIG. 1 is a schematic diagram illustrating a papermaking 
CH 2 — CH 2 NHCOR process in accordance with the present invention^ 

I FIG. 2 is a plot of the percentage reduction in dry breaking 

/ N ^*l / 15 length (tensile) vs. moles quaternary debonding component 

rch 2 — ( employed per ton of paper, 

I n^^^ FIG. 3 is a plot of percent change in dry breaking length 

x I versus retained imidazolinium salt (pounds per ton); 

^3 FIG. 4 is a plot of percentage change in dry breaking 

20 length vs. actual retained as received debonder composition 
in pounds per ton! 

wherein each R may be the same or different and each R FIG. 5 is a plot of percent tensile change vs. HLB for 
indicates a hydrocarbon chain having a chain length of from various PEG mono or diesters of CI 2 or CI 8 fatty acids^ 
about twelve to about twenty-two carbon atoms and may be FIG. 6 is a plot of percent tensile change vs. HLB for 
saturated or unsaturated; and wherein said compounds are 25 certain PEG-diesters of C12 and CI 8 fatty acids# 
associated with a suitable anion; and (b) a nonionic surfac- FIG. 7 is a plot of percent tensile change vsfpEG chain 
tant component. Preferably, the ammonium salt is a dialkyl- length for certain PEG mono and diesters of C12 and C18 
imidazolinium compound and the suitable anion is methyl- fatty acids; and 

sulfate. The nonionic surfactant component typically 30 FIG. 8 is a plot of percent tensile change vs. HLB for 
includes the reaction product of a fatty acid or fatty alcohol certain PEG-monoesters of C12 and CI 8 fatty acids, 
with ethylene oxide such as a polyethylene glycol diester of 

a fatty acid (PEG diols or PEG diesters). DETAILED DESCRIPTION 

In still yet another aspect of the present invention, there 

is provided a method for forming a soft absorbent tissue 35 The present invention is a paper product made, preferably, 

product including: supplying a furnish comprising predomi- ^ conventional wet pressing, from a recycle fiber furnish 

nately recycle cellulosic fibers in an aqueous stream; adding ha T g . amoun ] ts of ash and fines. Tne resulting 

a charge modifier to the furnish wherein the charge modifier g££ ^ good mternal V0ld volume ' g0od strength ™ d 

contacts the furnish for a time sufficient to reduce the charge ^ j ~ . 

; n tKp fi,r«;ci,. o^jn. . ,4^^, • ■ 40 Paper products according to the present invention may be 

m the rurnisn; adding a debonder composition comprising a r 5 j 1 ■ t_- r • , 

- ct - o r? rtf rt . * _r manufactured on any papermaking machine of conventional 

synergistic combination of a quaternary ammonium surfac- formin configurati ^ J~h ^ Fourdrinier, twin-wire, suc- 

tant component and nonionic surfactant component and tion breafil roll 0f formin configurations . ^ 

optionally adding a wet-strength-adjustmg agent to said forming mode is advantage0 usly water or foam. The drying 

furnish, after the charge has been reduced; adding a retention 45 me thod is advantageously conventional wet pressing but can 

aid to the furnish after the debonder or ^^frength, adjusting ^ my ^novm drying^gmlincluding, for example, through 

agent has been in contact with the furnish for a time air-drying (TAD), can drying or impulse drying, 

sufficient to allow distribution of the debonder or^et FIG. 1 illustrates one embodiment of the present inven- 

^s^gni.adjustingtagent on the fibers; supplying the furnish tion where a machine chest 50, which may be compartmen- 

to a headbox, and wherein the furnish has a consistency of 50 talized, is used for preparing furnishes that are treated with 

not greater than 0.90% as supplied to the headbox; applying chemicals having different functionality depending on the 

the furnish to a forming wire and forming a nascent web; and character of the various fibers used. This embodiment shows 

drying the web to form a paper product. Typically, the drying a divided headbox thereby making it possible to produce a 

step includes: compactively de watering the nascent web; stratified product. The product according to the present 

applying the web to a Yankee dryer and drying said web; and 55 invention can be made with single or multiple headboxes 

creping the web from the Yankee dryer at a moisture content and regardless of the number of headboxes may be stratified 

of less than about 50%. The moisture content during creping or unstratified. The treated furnish is transported through 

is usually less than about 15% and preferably less than about different conduits 40 and 41, where it is delivered to the 

6%. The consistency of the furnish as supplied to the headbox of a crescent forming machine 10 as is well known, 

headbox is generally less than about 0.7% and preferably 60 although any convenient configuration can be used, 

less than about 0.5%. The furnish generally contains greater FIG. 1 shows a web-forming end or wet end with a liquid 

than about 1% ash, and typically the furnish contains greater permeable forarninous support member 11 which may be of 

than about 2% ash and sometimes more than 4% ash. Most any convenient configuration. Forarninous support member 

preferably the furnish contains only recycled fibers and the 11 may be constructed of any of several known materials 

charge modifier is added in an amount of from about 1 lb/ton 65 including photopolymer fabric, felt, fabric or a synthetic 

to about 10 lbs/ton. The charge modifier is usually added in filament woven mesh base with a very fine synthetic fiber 

an amount of from about 2 lbs/ton to about 6 lbs/ton. ban attached to the mesh base. The forarninous support 
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member 11 is supported in a conventional manner on rolls, if one wishes, by a number of familiar bleaching schemes 
including breast roll 15, and pressing roll, 16. including alkaline peroxide and ozone bleaching. 

Forming fabric 12 is supported on rolls 18 and 19 which Fibers for use according to the present invention are 
are positioned relative to the breast roll 15 for guiding the preferably obtained primarily from recycling of pre-and 
forming wire 12 to converge on the foraminous support 5 post-consumer paper products. Fiber may be obtained, for 
member 11 at the cylindrical breast roll 15 at an acute angle example, from the recycling of printers' trims and cuttings, 
relative to the foraminous support member 11. The forami- including book and clay coated paper, post consumer paper 
nous support member 11 and the wire 12 move at the same including office and curbside paper recycling and old news- 
speed and in the same direction which is the direction of paper. 

rotation of the breast roll 15. The forming wire 12 and the io The various collected papers can be recycled using means 
foraminous support member 11 converge at an upper surface common tolrecycled paper industry. The papers may be 
of the forming roll 15 to form a wedge-shaped space or nip sorted and^raded prior to pulping in conventional low-, 
into which one or more jets of water or foamed liquid fiber mid-, and high-consistency pulpers. In the pulpers the papers 
dispersion may be injected and trapped between the forming . are mixed with water and agitated to break the fibers free 
wire 12 and the foraminous support member 11 to force fluid is from the sheet. Chemicals common to the industry may be 
through the wire 12 into a save-all 22 where it is collected added in this process to improve the dispersion of the fibers 
to reuse in the process. in the slurry, and to improve the reduction of contaminants 

The nascent web W formed in the process is carried by the that may be present Following pulping, the slurry is usually 
foraminous support member 11 to the pressing roll 16 where passed through various sizes and types of screens and 
the wet nascent web Wis transferred to the Yankee dryer 26. 20 cleaners to remove the larger solid contaminants while 
Fluid is pressed from the wet web W by pressing roll 16 as retaining the fibers. It is during this process that such waste 
the web is transferred to the Yankee dryer 26 where it is contaminants as paper clips and plastic residuals are 
dried and creped by means of a creping blade 27. The removed. 

finished web is collected on a take-up roll 28. The pulp is then generally washed to remove smaller 

A pit 44 is provided for collecting water squeezed from 25 sized contaminants consisting primarily of inks, dyes, fines 
the furnish by the press roll 16, as well as collecting the and ash. This process is generally referred to as deinking. 
water removed from the fabric by aUhlebox29. The water Demkihg, in the modern sense, refers to the process of 
collected in pit 44 may be collected into a flow line 45 for making useful pulp from wastepaper while removing an ever 
separate processing to remove surfactant and fibers from the increasing variety of objectionable, noncellulosic materials, 
water and to permit recycling of the water back to the 30 One example of a deinking process by which fiber for use 
papermaking machine 10. in the present invention can be obtained is called^floatariSn* 

The web according to the present invention can be made In this process small air bubbles are introduced into a 
using fibers well known to the skilled artisan. Preferred column of the furnish. As the bubbles rise they tend to attract 
fibers are cellulose based recycle fiber and may include small particles of dye and ash. Once upon the surface of the 
softwood, hardwood, chemical pulp obtained from softwood 35 column of stock they are skimmed off. At this point the pulp 
and/or hardwood by treatment with sulfate or sulfite moi- may be relatively clean but is often low in brightness. Paper 
eties, mechanical pulp obtained by mechanical treatment of made from this stock can have a dingy, gray appearance, not 
softwood and/or hardwood, recycle fiber, refined fiber and suitable for near-premium product forms, 
the like. Preferably, the fibers are predominately or more To increase the brightness the furnish is often bleached, 
than 50 percent by weight recycle cellulosic fiber. 40 Bleaching can be accomplished by a number of means 

Papermaking fibers used to form the soft absorbent prod- including, but not limited to, bleaching with chlorine, 
ucts of the present invention may include cellulosic fibers hypochlorite, chlorine dioxide, oxygen, peroxide, hydro- 
commonly referred to as wood pulp fibers, liberated in the sulfite, or any other commonly used- bleaching agents. The 
pulping process from softwood (gymnospenns or coniferous types and amounts of bleaching agents depend a great deal 
trees) and hardwoods (angiosperms or deciduous trees). The 45 on the nature of the wastepaper being processed and upon 
particular tree and pulping process used to liberate the the level of desired brightness. Generally speaking, 
tracheid are not critical to the success of the present inven- unbleached waste papers can have brightness levels between 
tion. Cellulosic fibers from diverse material origins may be 60 to 80 on the G.E. brightness scale, depending upon the 
used to form the web of the present invention, including quality of the paper begin recycled. Bleached waste papers 
non- woody fibers liberated from sabai grass, rice straw,. 50 can range between the same levels and may extend up to 
banana leaves, paper mulberry (i.e. bast fiber), abaca leaves, about 90, however, this brightness level is highly dependent 
pineapple leaves, esparto grass leaves, and fibers from the upon the nature of the waste papers used, 
genus hesperalae in the family agavaceae. The recycled Since the cost of waste paper delivered to the pulp 
fibers used in accordance with the present invention may processing plant is related to the cleanliness and quality of 
contain any of the above fiber sources in different percent- 55 the fibers in the paper, it is advantageous to be able to 
ages|can be used in the present invention. upgrade relatively low cost waste papers into relatively high 

Papermaking fibers can be liberated from their source value pulp. However, the process to do this can be expensive 
material by any one of the number of chemical pulping not only in terms of machinery and chemical costs but also 
processes familiar to the skilled artisan including sulfate, in lost yield. Yield is defined as the percentage by weight of 
sulfite, polysulfide, soda pulping, etc. The pulp can be 60 the waste paper purchased that finally ends up as pulp 
bleached if desired by chemical means including the use of produced. Since the lower cost waste papers generally 
chlorine, chlorine dioxide, oxygen, etc. Furthermore, paper- contain more contaminants, especially relatively heavy clays 
making fibers can be liberated from source material by any and fillers generally associated with coated and writing 
one of a number of mechanical/chemical pulping processes papers, removal of these contaminants can have a dramatic 
familiar to anyone experienced in the art including mechani- 65 effect on the overall yield of pulp obtainable. Low yields 
cal pulping, thermomechanical pulping, and chemithermo- also translate into increased amounts of material that must 
mechanical pulping. The mechanical pulps can be bleached, be disposed of in landfills or by other means. 
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aluminum chloride and their polymerization products (e.g. 
PAC or poly aluminum chloride or synthetic polymers); 
poly(diallyldimethyl ammonium chloride) (i.e., DAD- 
MAC); poly(cUmemylamine)-co-epichlorohydrin; polyeth- 
yleneimine; poly(3-butenyltrimethyl ammonium chloride); 5 
poly(4-emenylberjzyitrimemylarnmonium chloride); poly 
(2,3-epoxypropyltrimethylainmonium chloride); poly(5-iso- 
prenyltrimethylammoriium chloride); and poly(acryloyloxy- 
emyltrimethyl-arnmonium chloride). Other suitable cationic 
compounds, such as, for example, the polymer made from 10 
the adduct of 2-chloromethy^W ,3-butadiene and a dialkyl- 
sulfide, all polyamines made by the reaction of amines such 
as, for example, ethylenediarnine, diethylenetriamine, trieth- 
ylenetetrarnine or various dialkylamines, with bishalo, bis- 
epoxy, or chlorohydrin compounds such as, for example, 15 
1-2 dichloromethane, 1,5-diepoxyhexane, or epichlorohy- 
drin; all p^ymelSEff guanidine such as, for example, the 
product of guanidine and formaldehyde with or without 
polyamines may be employed if so desired. 

Commercially available suitable charge-modifying agents 20 
include Cy pro® 5 14, a product of Cytec, Inc. of Stamford, 
Conn.; Bufloc® 5031 and Bufioc® 534, both products of 
Buckman Laboratories, Inc. of Memphis, Tenn. The charge- 
modifying agent is preferably selected from low-molecular- 
weight, high charge density polymers. 25 

Preferred charge-modifiers are polydiallyldimethylam- 
monium chloride (DADMAC) having molecular weights of 
about 90,000 to about 300,000, polyamines having molecu- 
lar weights of about 50,000 to about 300,000 and polyeth- 
yleneimine having molecular weights of about 40,000 to 30 
about 750,000. 

After the charge-modifying agent has been in contact with 
the furnish for a time sufficient to reduce the charge on the 
furnish, a debonder is added. In accordance with the inven- 
tion the debonder includes an ammonium surfactant com- 35 
ponent and a nonionic surfactant component as noted above. 

Whether or not a molecule acts as a debonder or softener 
depends largely on where it is added in the process. In 
general, wet end addition brings about both debonding and 
softening, whereas spray application favors softening but 40 
still may operate as a debonder to some extent. In general, 
any surface-active molecule will debond paper if it can get 
into and stays*within the fibers and the inter-fiber bonding 
region. The longer the chain length on the hydrophobic 
chains on the molecule, the better, with two chains per 45 
molecule being best. An exception is where the carbon chain 
length exceeds 20; then, usually, a single chain per molecule 
is better. 

When the debonder is added a softener may also be added. 
While the chemicals that constitute softeners and debonders 50 
may overlap, for the purposes of the present invention, a 
debonder is added to reduce the inter-fiber bonding in the 
paper web. A softener is added to change the surface 
characteristics of the fibers to thereby, change the tactile 
impression given when the paper web is touched. 55 

A non-exhaustive list of cationic materials useful as 
wet-strength adjusting agents includes polyamide epihalo- 
hydrin (for example, resins marketed by Georgia Pacific 
Resins, Inc. under the tradename AMRES or by Borden 
under the tradename CASCAMID), glyoxylated cationic 60 
polyacrylamides (for example, resins marketed by Cytec 
Industries, Inc. under the tradename PAREZ), polyacryla- 
mide, polyethylenimine, polyDADMAC, alkaline-curing 
wet strength resins, urea formaldehyde, acid-curing wet 
strength resins and melamine-formaldehyde, acid-curing 65 
wet strength resins. A reasonably comprehensive list of 
cationic wet strength resins that may be used is described by 



Westfelt in Cellulose Chemistry and Technology, Volume 
12, p. 813, 1979, which is incorporated herein by reference. 

Thermosetting cationic polyamide resins, also useful in 
the present invention as wet-strength-adjusting agents, are 
reaction products of an epihalohydrin and a water soluble 
polyamide having secondary anionic groups derived from 
polyalkylene rx>lyamine and saturated aliphatic dibasic car- 
boxylic acids containing from 3 to 10 carbon atoms. These 
materials are relatively low-molecular-weight polymers 
having reactive functional groups such as amino, epoxy, and 
azetidinium groups. Description of processes for making 
and using such materials are included in U.S. Pat. Nos. 
3,700,623 and 3,772,076, both to Keim and incorporated 
herein by reference in their entirety. A more extensive 
description of polymeric-epihalohydrin resins is given in 
Chapter 2: Alkaline-Curing Polymeric Amine-Epichlorohy- 
drin by Espy in Wet-Strength Resins and Their Applications 
(L. Chan, Editor, 1994), herein incorporated by reference in 
its entirety. The resins described in this article fall within the 
scope and spirit of the present invention. Polyamide-ep- 
ichlorohydrin resins are commercially available under the 
tradename Kymene® from Hercules Incorporated and CAS- 
CAMID® from Borden Chemical Inc^^Thermosetting 
polyacrylamides, also appropriate for use as wet-strength- 
adjusting agents, are produced by reacting acrylamide with 
diallyl dimethyl ammonium chloride (DADMAC) to pro- 
duce a cationic polyacrylamide copolymer which is ulti- 
mately reacted with glyoxal to produce a cationic cross- 
linking wet strength resin, glyoxylated polyacrylamide. 
These materials are generally described in U.S. Pat. No. 
3,556,932 to Coscia et al. and U.S. Pat. No. 3,556,933 to 
Williams et al., both of which are incorporated herein by 
reference to their entirety. Resins of this type are commer- 
cially available under the tradename of PAREZ by Cytec 
Industries. Different mole rationsjpf acrylamide/DADMAC/ 
glyoxal can be used to produce cross-linking resins which 
are useful in the present invention. Furthermore, other 
dialdehydes can be substituted for glyoxal. Wet-strength- 
adjusting agents are preferably added in an amount of from 
about 4 to about 30 lbs/ton, more preferably from about 4 to 
about 25 lbs/ton, most preferably from about 6 to about 14 
lbs/ton. 

In the production of towels and napkins the efficiency of 
the wet-strength-adjusting agent is increased through the 
combined use of a charge modifier and retention aid. 

Auxiliary agents that can be added to improve wet 
strength properties in towels and napkins according to the 
present invention include carboxymethyl cellulose or an 
anionic copolymer of acrylamide-acrylate, for example, 
ACCOSTRENGTH 85 from Cytec Industries, Inc. or 
AMBOND 1500 from Georgia-Pacific Resins, Inc. The 
manipulation of the relative amounts of wet-strength-adjust- 
ing agents and auxiliary agents is well understood by the 
skilled artisan. Auxiliary agents are preferably added in an 
amount of from about 0 to about 10 lbs/ton, more preferably 
from about 1 to about 8 lbs/ton, most preferably from about 
2 to about 5 lbs/ton. 

A retention aid is also added to the furnish to form the 
product according to the present invention. Retention aids 
refer to an additive used to increase the retention of the ash 
and fines within the web during the papermaking process. 
Retention aids are discussed, for example, in J. E. Unbehend 
and K. W. Britt, "Pulp and Paper, Chemistry and Chemical 
Technology," Chapter 17, Retention Chemistry, Ed. 3, Vol. 3, 
Wiley Interscience publications and Chapter 18 of the Kirk 
Othmer "Encyclopedia of Chemical Technology, 4'* ed. 
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''both of which are incorporated herein by reference in their 
entirety. Suitable retention aids will be readily apparent to 
the skilled artisan. 

Retention systems suitable for the manufacture of tissue 
of this invention involve bridging or networking of particles 
through oppositely charged high molecular weight macro- 
molecules. Alternatively, the bridging is accomplished by 
employing dual polymer systems. Macromolecules useful 
for the single additive approach are cationic polyacrylamide 
such as, for example, poly (acrylamide)-co-diallylcUmethyl 
ammonium chloride; poly(acrylamide)^co-acryloyloxyethyl 
trirnethylammoniurn chloride, cationic gums, chitosan, cat- 
ionic polyacrylates, and cationic starches (both amylase and 
amylopectin). Natural macromolecules such as, for example, 
starches and gums, are rendered cationic usually be treating 
them with 2,3-epoxypropyltrimemylammomum chloride, 
but other compounds can be used such as, for example, 
2-cMorc)emyl-dialkylamine, acryloyloxyethyldialkyl ammo- 
nium chlorid e, acry lamidoemyltrialkylarrmionium chloride, 
etc. Dual a3ffi 1 Sv? l useful for the dual polymer approach are 
any of these compounds which function as coagulants plus 
a high molecular weight anionic macromolecule such as, for 
example anionic starches, CMC(Carboxymethylcellulose), 
anionic gums, anionic polyacrylamides (e.g., poly (acryla- 
mide)-co-acrylic acid), or a finely dispersed colloidal par- 
ticle (e.g., colloidal silica, colloidal alumina, bentonite clay, 
or polymer micro particles marketed by Cytec Industries, 
Inc. under the tradename POLYFLEX). 

Suitable cationic monomers for use as retention aids 
according to the present invention include dialkyl amino 
alkyl-(meth)acrylates or -(meth)acrylamides, either as acid 
salts or quaternary ammonium salts. Suitable alkyl groups 
include dialkylaminoethyl (meth)acrylates, dialkylaminoet- 
hyl (meth)acrylamides and m*alkylaminomethyl(meth)acry- 
lamides and dialkylammo-l,3-propyl(meth)acrylamides. 
These cationic monomers may be copolymerized with a 
nonionic monomer, preferably acrylamide. Other suitable 
polymers are polyethylene imines, polyamide epichlorohy- 
drin polymers, and homopolymers or copolymers, generally 
with acrylamide, of monomers such as diallyl dimethyl 
ammonium chloride. The retention aid is preferably a sub- 
stantially linear polymer when compared with the globular 
structure of, for example, starch. 

Natural macromolecules such as, for example, cellulose, 
starch and gums are typically rendered anionic by treating 
them with chloroacetic acid, but other methods such as 
phosphorylation can be employed. Suitable retention agents 
are nitrogen containing organic polymers having molecular 
weights of about one hundred thousand to about thirty 
million. Suitable high molecular weight polymers are poly- 
acrylamides, anionic acrylamide-acrylate polymers, cationic 
acrylamide copolymers having molecular weights of about 
one million to about thirty million and polyemyleneimines 
having molecular weights in the range of about five hundred 
thousand to about two million. 

Another mechanism by which the fines/ash are retained in 
the paper product according to the present invention is 
entrapment This is the mechanical entrapment of particles 
in the fiber network. Entrapment is suitably achieved by 
maximizing network formation such as by forming the 
networks in the presence of high molecular weight anionic 
polyacrylamides, or high molecular weight polyethyleneox- 
ides (PEO), such as, Polyox WSR 301 from Union Carbide. 
Alternatively, molecular nets are formed in the network by 
the reaction of dual additives such as, for example, PEO and 
phenolic resin. 
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Useful charge densities include those between about 0.2 
and about 15 equivalents per kilogram of polymer, more 
preferably between about 0.2 and about 10, most preferably 
between about 0.5 and about 5 equivalents per kilogram of 
polymer. 

Preferred polymers according to the present invention 
have molecular weights of at least about 1,000,000, more 
preferably at least about 4,000,000, and most preferably 
between about 5,000,000 and about 25,000,000. 

Commercially available, suitable, retention aids include 
Reteh 1232® and Microform 2321®, both emulsion poly- 
merized cationic polyacrylamides and Reten 157®, which is 
delivered as a solid granule; all are products of Hercules, 
Inc. Other suitable products include Accurac 91 from Cytec 
Industries, Inc. 7520 from Nalco Chemical Co., or Bufloc 
594 or Bufloc 606 from Buckman Laboratories, Inc. 

Improvements in the areas of filler retention have been 
achieved using combinations of retention aids, for example 
a low-molecular-weight cationic polymer with a high 
molecular weight anionic polymer. Thus, according to the 
present invention, it is possible to use combinations of 
known retention aids, often called coagulants, retention aids 
or flocculants to achieve suitable retention of the ash and 
fines within the soft absorbent paper product according to 
the present invention. 

The retention aid can be added at any suitable point in the 
approach flow of the furnish preparation system of the 
papermaking process: It is preferred that the retention aid be 
added after the fan pump and immediately prior to the 
furnish being delivered to the forming wire. It is. preferred to 
add the retention aid after as much of the furnish processing 
involving shear, as is practical, has been completed. 

The retention aid is preferably diluted to a consistency 
below about 0.5% solids and can be present in amounts as 
low at 0.005%, more preferably below about 0.35, still more 
preferably below about 0.1%, most preferably between 
about 0.059J^nd 0.2%. The retention aid is delivered to the 
process as ^aqueous dispersion. Because of the relatively 
high molecular weight of most retention aids, the solids 
content of the dispersion should be kept as low as possible. 

Whether the retention aid is of an anionic or cationic type, 
it will be delivered to the system as an aqueous emulsion, 
dispersion, or solution, at comparable concentrations and 
overall usage rates. 

The retention aid is incorporated into the furnish in an 
amount of from about 0.1 to about 4 lbs/ton, more preferably 
from about 0.3 to about 2 lbs/ton, most preferably about 
0.5-1.5 lbs/ton. 

It has been discovered that when using the above 
described chemistries, if one maximizes the amount of water 
flow through these high ash furnishes, i.e., minimizes the 
consistency of the furnish, the nascent web can be formed 
with better profiles and higher internal void volumes. The. 
consistency of the furnish should be less than about 0.95* 
more preferably less than about 0.7% and most preferably, 
the furnish consistency should be less than about 0.5%. As 
used in the present application consistency includes total 
suspended solids present within the furnish. Consistency can 
be determined according to TAPPI method T240 OM-93, 
modified to use a medium filter paper, e.g., Whatman #3 to 
improve capture of all finely divided solids. The use of 
excess water is contrary to the common practice in the art 
when using high ash containing furnishes. Typically, when 
excess water is used with a high ash furnish, the fines and 
ash tend to be washed out of the web thereby leaving a thin 
and inconsistent formation profile. Excess water can over- 
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The procedure of Example Series D was followed except 
that the 2-ethanoic acid-dimethyl-dodecylamidopropylam- 
monium methylsulfate was used as the debonder. This series 
of sheet is designated as "E" on FIG. 2. 

Examples Series F 

The procedure of Example Series E was followed except 
that di-(2-hydroxylethyl) memyloctadecylammonium chlo- 
ride was used as the debonder. This series of examples of 
designated as "F" on FIG. 2. 

Example Series G 

The procedure of Example Series F was followed except 
that 2-hydroxyethyl-di-(2-tallowamidoethyl) methylammo- 
nium methylsulfate was used as the debonder. This series of 
examples is designated as "G" on FIG. 2. 

Example Series H 

The procedure of Example Series G was followed except 
that 1.9:1 di-(2-hydroxyethyl)-methyloctadecylammonium 
memylsulfate:olmemylditallow-ammonium chloride was 
used as the debonder composition. This series of examples 
is designated as "H" on FIG. 2. 

Example Series I 

The procedure of Example Series H was followed except 
a mixture of l-(2-octadecenamidoethyl)-2-heptadecenyl-3- 
methylimidazolinium methylsulfate and 1 -(2-octadecenami- 
doethyl)-2-heptadecenylimidazoline formulated with 54 wt. 
% PEG-200-dilaurate was used as the debonder. This series 
of examples is designated as "I" on FIG. 2. 

Example Series J 

The procedure of Example Series I was followed except 
that 1.5:1 oU-(2-hydroxyemyl)-metiiyloctadecylarnmomum 



10 



cWoride:behenyl-trimethylammonium chloride was used as 
the debonder. This series of examples is designated as "J" on 
FIG. 2. 

There is shown in FIG. 2 a plot of percent dry breaking 
length (tensile) reduction versus moles of quaternary ammo- 
nium compounds ("Add-on Chemistry") in the foregoing 
formulations per ton of paper. On this basis the ability of the 
various formulations to reduce breaking length can be 
compared on a purely structural basis. That is to say, the 
Add-on chemistry is expressed as moles of quaternary 
ammonium surfactant compounds in a given formulation per 
ton of paper. This allows one to compare chemistry perfor- 
mance on a purely structural basis. The average dry breaking 
length for the control, based on six replicates, was 2.6±0.3 
15 km. A 4.4 as received #/ton treatment with formulation I was 
repeated three times to confirm results. 
Generally speaking, it was found that: 
The ability to debond increases generally with the number 
20 of fatty chains in the molecules; that is, one chain is usually 
less effective than 2 chains per molecule; 
The longer the fatty chain molecule, the bettejps, the 
(Riebonding order was observed for single chain ?juat: the 
behenyl (22 quat (D)) was greater than the C18 quat (F) 
which was greater than or equal to the C- 12 quat (E); 

The quat C and G, debonded equally well but slighdy less 
effectively than the imid^olinium quat A. All of these quats 
have double chains; 

Formulation B debonded much better than expected for 
the quat types it contains (See Table 1 below). This is due to 
synergy between the quats and the PEG-6-dilaurate in the 
formulation; 

The Formulation H which duplicates the mixture of the 
two quat types found in B without the other ingredients 
debonds in a manner that is additive to the level of the two 
quats. (See Table 1). Similarly formulation J which uses the 
bihenyl quat in place of the dialkyld^ethylammonium quat 
in B, also debonded in an additive manner; 

Formulation I, which utilizes the synergy between the 
imidazolinium quat and the PEG-6-dilaurate debonded as 
well as B, but at least 50% better than A. 
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TABLE 1 



Tensile reduction data for debonder/softener formulations. 



Additive 





Quat 1 A 


Tensile 


Quat2 B 


Tensile 


Tens. Red. 


Observed 


Formulation 


(molAon) 


Reduction(%) 


(mol/ton) 


Reduction (%) 


(%> 


Tens. Red. (%) 


H 


0.73 


7 


1.45 


4 


11 


20 




1.95 


18 


3.86 


6 


24 


19 


J 


l.ll c 


7 


1.68 


4 


11 


14 




2.97° 


18 


4.47 


6 


24 


26 


B D 


0.19 


2 


0.37 


2 


4 


20 




0.51 


5 


0.98 


3 


8 


32 



A DimethylditalIowammonium chloride 
B Di-(2-hyaroxyetbyl)-methylstearylammbnium chloride 
c Behenyl-trimethylammonium chloride instead of Quat 1 
formulated with 33 wt. % PEG-6-dilaurate 
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The discussion which follows compares four debonder 
formulations that were employed having the composition set 
forth in Table 2. 



TABLE 2 





Compositions of Debonder/Softeners as Weight Percent 




Debonder 






Composition 


Im + Im PG PEG-6-dL PEG-6-dO LO H 2 0 PEG-6-td-ol 


MeOIeate 


K 


56 20 8 0 8 0 0 10 


0 


L 


28 10 4 50 4 0 0 5 


0 


M 


42 7 9 18 0 7 16 0 


1 


N 


76 13 9 0 0 0 0 0 


2 



InT = l-(2-octadecenamidoethyi)-2-hept^decenyl-3-methyiinudazoliiiium methylsulfate 

Im = l-(2-o\^adecenaimdoemyl)-2-heptadecenylimio^oline 

PG = propylene glycol 

PEG-6-dL = PEG-6-dilaurate 

PEG-6-dO = PEG-6-dioleate 

LO = lauramine oxide 

PEG-6-td-ol = PEG-6-tridecane-2-ol 

MeOIeate - methyl oleate 



35 



Since the Imidazolinium ion (Im + ) affects the wet end 
charge demand and imparts softness to the tissue, it is useful 
to compare the debonding abilities of the formulations in 25 
retained Im + , as in FIG. 3 which is a plot of percent change 
in dry breaking length vs. actual retained^^. According to 
the data in FIG. 3 the order of debonding ability is 
L=M>K>N. 

In practice, the user will be concerned with the as- 30 
received add-on and not pure Im + . The actual retained 
as-received formulation is shown in FIG. 4. We see that, 
except for possibly formulation M, all the formulations fall 
on the same curve. Since the PEG-200-diester provides 
equal debonding at less quat add-on, one can attain more 
debonding with higher doses of formulation L without 
impacting furnish charge demand; that is, formulation L 
allows us to move further down the curve. Similarly because 
formulation K contains some PEG-200-diester, it allows one 
to move further down the curve than possible with pure 40 
imidazolinium (i.e., formulation N). It is unclear whether 
formulation M actually falls on a new curve below the main 
curve. If so, greater debonding is expected with M than the 
other formulations at equal dosages. 

While lauramine oxide is effective at increasing fiber 
debonding, it nevertheless competes with the imidazolinium 
quat for sites on the fibers. This is disadvantageous as 
lauramine oxide is not as an effective softener as the 
imidazolinium quat. . 

Surprisingly, it has been foundfthe ability of the syner- 
gistic quaternary ammonium/nonibnic surfactant debonding 
compositions to reduce tensile correlates with the hydro- 
philic lypophilic balance (HLB) of the nonionic surfactant 
employed in connection with the process. 

For PEG monoesters of fatty acids having carbon chain 
lengths of 12 or more, an HLB value of more than about 10 
is preferred. For PEG diesters the preferred HLB value 
depends on the carbon chain length of the fatty acid; thus, for 
short chains (CI 2) an HLB value of less than about 10 is 
desirable; whereas for longer chain fatty acids (CI 8) an 
HLB value greater than about 10 is preferred. One may 
conveniendy use a CI 6 chain length as an approximate 
value to characterize this phenomenon. 

Thus, the present invention is advantageously practiced in 65 
one preferred aspect in connection with nonionic diester or 
diether surfactants including allcoxylated fatty acids or fatty 



alcohols having a HLB value of greater than about 10 
wherein the lypophilic alcohol or acid has at least about 16 
carbon atoms or more. HLB values of from about 10 to 16 
are typical as are lypophilic components with from about 16 
to about 22 carbon atoms in these preferred embodiments. 
Typical nonionic surfactants advantageously utilized are 
PEG diesters and PEG diethers of fatty acids and fatty 
alcohols having carbon chain lengths greater than about 
C16. 

So also, the invention is practiced in another preferred 
aspect in connection with PEG monoester or monoether 
nonionic surfactants having an HLB value of greater than 
about 10 and a single alkoxylated lypophilic fatty acid or 
fatty alcohol component. Typical compounds in these pre- 
ferred embodiments include- PEG monoester or monoethers 
of fatty acids or fatty alcohols having chain lengths greater 
than about CI 2. 

The foregoing is summarized below in Table 3 for poly- 
ethylene glycol (PEG) monoesters and diesters of fatty 
acids. 
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TABLE 3 






HLB for Maximum Debondin 


y 




No. Carbon Atoms 


Preferred HLB for 


Preferred HLB for 




in Fatty Acid 


PEG-Mono R 


PEG-di-R 


50 


R = C12 


>10 


<10 




R=C18 


>10 


>10 
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A series of compositions were prepared and tested as 
follows: 

Handsheets were prepared as with composition L above, 
except that the composition was modified by replacing the 
PEG-6-dilaurate with a given PEG diester or PEG 
monoester variant. 

Results are summarized in FIGS. 5 though 8. 

Utilizing the above learnings the following formulations 
each provided an additional 20% dry tensile reduction over 
that achieved with Formula L (Table 2) at equal add-ons of 
6 as-received lbs/ton: 

Formula O: 38 wt % mixture of l-(2-octadecenamidoet- 
hyl)-2-heptadecenyl-3-memyHnn^azoliriium methylsulfate 
and 1 -(2-octadecenamidcyethyl)-2-hept^ecenyUmidazoline , 
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50 wt % PEG-600-dioleate, 7.3 wt % PEG-400-monolau- 
rate, 3.8 wt % propylene glycol, and 0.8 wt % methyloleate. 

Formula P: 44.5 wt % mixture of l-(2-octadecenamido- 
ethyl>2-heptadecenylO-methylimidazolinium methylsul- 
fate and l-(2-octadecenainidoethyl)-2-heptadecenyliniida- 5 
zoline, 50 wt % PEG-400-monooleate, 4.5 wt % propylene 
glycol and 0.8 wt % methyloleate. 

What is claimed is: 

1. In a process for making an absorbent sheet material 
from a web of fibrous material consisting of 100% by weight 10 
cellulosic recycle material, the improvement which com- 
prises treating the fibrous material with a debonding com- 
position which includes a synergistic combination of: 

(a) a quaternary ammonium surfactant component which 
includes an imidazolinium salt; and 15 

(b) a nonionic surfactant component present in said deb- 
onding composition in an amount of from. about 25 to 
about 60 weight percent based on the combined 
weights of said nonionic surfactant component and said 
quaternary ammonium surfactant component; 20 

wherein said nonionic surfactant component comprises a 
surfactant selected from the group consisting of group c, d 
or e and wherein group: 

(c) are monoalkylated nonionic surfactants comprising 
alkoxylated fatty acids or alkoxylated fatty alcohols 25 
having an HLB value of greater than about 10 wherein 
said fatty acids and fatty alcohols have 12 carbon atoms 
or more; 

(d) are dialkylated nonionic surfactants comprising 
alkoxylated fatty acids or alkoxylated fatty alcohols 30 
with an HLB value of greater than about 10 wherein 
said fatty acids or fatty alcohols have about 16 carbon 
atoms or more; 

(e) are dialkylated nonionic surfactants comprising 
alkoxylated. fatty alcohols or alkoxylated fatty acids 35 
having an HLB value of less than about 10 and wherein 
said fatty alcohols and fatty acids have about 16 carbon 
atoms or less; j+ 

wherein further the debonding compositionjipreduces the 
tensile strength of said sheet by at least about 25 percent by 
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application to said recycle fibrous material at a treatment 
level of 1 mole of said quaternary ammonium surfactant 
component per ton of recycle fibrous material. 

2. The improvement according to claim 1, wherein deb- 
onding composition is operable to reduce the tensile strength 
of said sheet by at least about 40 percent by application to 
said fibrous material at a treatment level of 3 moles of said 
quaternary ammonium surfactant component per ton of 
fibrous material. 

3. The improvement according to claim 1, wherein from 
about 1 to about 16 pounds of said debonding composition 
are employed per ton of absorbent sheet material produced. 

4. The improvement according to claim 1, wherein from 
about 3 to about 8 pounds of said debonding composition are 
employed per ton of absorbent sheet material. 

5. The improvement according to claim 1, wherein from 
about 4 to about 6 pounds of said debonding composition are 
employed per ton of absorbent sheet material. 

6. The improvement according to claim 1, wherein said 
nonionic surfactant component is present in said debonding 
composition in an amount of from about 30 to about 50 
weight percent based on the combined weights of said 
nonionic surfactant component and said quaternary ammo- 
nium surfactant component. 

7. The improvement according to claim 1, wherein said 
recycle fiber has an ash content greater than about 0.75 
percent by weight. 

8. Hie improvement according to claim 7, wherein said 
recycle fiber has an ash content greater than about 1 percent 
by weight. 

9. The improvement according to claim 8, wherein said 
recycle material has an ash content greater than about 2 
percent by weight. 

10. The improvement according to claim 1, wherein said 
nonionic surfactant component is an ethoxylated fatty acid. 

11. The improvement according to claim 10, wherein said 
nonionic surfactant component is a polyethylene glycol ester 
of a fatty acid. 



